Many new physics scenarios beyond the Standard Model predict resonant or non-resonant production of high-transverse momentum fermions or gluons. This report summarizes Run 2 searches for new physics in fermionic final states and jets with the ATLAS experiment at the LHC.
Introduction
In 2015, the center of mass energy of the Large Hadron Collider (LHC) increase from √ s = 8 TeV to √ s = 13 TeV, allowing to explore a new energy regime. Many searches for new physics were performed, targeting high-mass final states. In this paper, searches for the Beyond the Standard Model (BSM) signatures in fermionic, hadronic and mixed fermionic-hadronic final states are presented. All searches were performed with data collected by the ATLAS detector in 2015 at √ s = 13 TeV, corresponding to 3.0-3.6 fb −1 of luminosity.
There are many models which address questions of dark matter, neutrino mass, naturalness and other BSM aspects. And these models introduce new states at the TeV scale, which can potentially be discovered at LHC.
Leptonic final states
This report covers searches for three leptonic final states: one lepton and non-observable particle(s) [1] , di-lepton same-flavor [2] and di-lepton different-flavor (electron-muon pair) [3] . The signatures for these searches are high-p T isolated leptons, as well as a substantial missing transverse momentum E miss T for one of the searches. The Standard Model (SM) background in these searches is described by the Monte Carlo (MC) simulations with higher order corrections: cross section of charged and neutral current Drell-Yan (DY) processes were corrected by next-to-next-to-leadingorder (NNLO) QCD and next-to-leading-order (NLO) electroweak (EW) corrections, single top background was corrected by NNLO QCD corrections, and all other background processes were corrected by NLO QCD corrections. Description of these models are detailed in Ref. [1, 2, 3] . The multijet background component is estimated by the data-driven "matrix" method [1] .
The search variable for the lepton plus E miss T final state is the transverse mass m T of the lepton and E miss T :
where ϕ ν is the angle between the lepton and E miss T in the transverse plane. For the two other final states, the search variable is the invariant mass of the di-lepton system. The strategy of the analysis is to look for a deviation of the observed data from the predicted SM background in the spectrum of the search variable.
For the lepton plus E miss T analysis, only one isolated electron (muon) is required, with p T > 65(55) GeV and with an identical requirement on E miss T . For the di-lepton analyses, two isolated leptons are required with p T > 30 GeV.
W and Z Sequential Standard Models (SSM) [4] are used as benchmark models for these searches. Within these models, W and Z are assumed to be heavier copies of the SM W and Z bosons, with the same couplings. Other BSM models, such as the extra dimensions, contact interaction and E6 Grand Unified Theory models, were tested [1, 2, 3] , but are not covered in this report.
The transverse mass distribution m T with resonant W signals for several masses overlaid is shown in Figure 1 (left panel). An overall good agreement between data and the background expectation can be seen. In Figure 1 (right panel), upper limits on the cross-section times branching ratio are shown. Expected and observed W mass limits are set, and correspond to 4.18 and 4.07 TeV, respectively. 
Hadronic final states
Hadronic final state searches covered in this report are: di-jet [5] , di-jet with b-tagging [6] , and multijet [7] final states.
The di-jet analysis signature is at least two jets with p T > 440 (50) GeV. The search variable of the analysis is the invariant mass m j j of the two leading jets. The analysis strategy is to look
PoS(DIS2016)109
Searches for new physics in high-mass fermionic final states and jets with the ATLAS detector at the LHC Oleksandr Viazlo for localized excesses with respect to a background-only fit. Due to the fact that QCD predicts a smoothly falling m j j spectrum, the SM background is modelled with a power law function:
where z ≡ m j j / √ s. Many BSM models predict excesses in the di-jet spectrum [8] . This study considered quantum black holes [9] , excited quarks [10] , W and Z bosons [4] . These models would produce peaks in the m j j distribution. The invariant mass m j j with resonant quantum black hole and excited quark signals overlaid is shown in Figure 3 (left panel). In Figure 3 (right panel), upper limits on the cross-section for all considered BSM models are shown. As a complement to this analysis, a di-jet angular analysis was done [5] , but is not covered in this report. The di-jet analysis with b-tagging exploits the same idea and selection criteria as the di-jet analysis, but with additional requirements of at least one or strictly two jets to be b-tagged. The invariant di-jet mass spectrum with at least one jet being b-tagged is shown in Figure 4 (left panel). No evidence of a significant excess of events is found compared to the expectations of the SM. Main BSM models of interest in this study are the excited b-quark [10] and the leptophobic Z [11] ones. Upper limits on the cross-section times branching ratio for the excited b-quark model are shown in Figure 4 (right panel). Excluded mass regions for the excited b-quark (leptophobic Z ) correspond to 1.1-2.1 (1.1-1.5) TeV, respectively.
The last hadronic final state analysis presented in this report is the multijet state. The search variable is the scalar sum of the jet p T (H T ). The analysis signature constitutes at least three jets with p T > 50 GeV and H T > 1 TeV. The background model relies on a fit-based technique to extrapolate from low-H T control region (CR) to a high-H T signal region (SR) to estimate the
Searches for new physics in high-mass fermionic final states and jets with the ATLAS detector at the LHC Oleksandr Viazlo Figure 5 (left panel). BSM signal models considered in the analysis were the rotating black holes (with two, four and six extra dimensions) and the string balls models. Upper limits on the cross-section times branching ratio for the rotating black holes model are shown in Figure 5 (right panel). The production of a rotating black hole with six extra dimensions is excluded for a mass threshold (M th ), from which black holes start to form, up to 9.0-9.7 TeV, depending on the fundamental Planck scale (M D ). [7] .
Searches
Mixed final states
The two last analyses covered in this report are the state with at least one lepton plus two additional objects (which can be leptons or jets) [12] and the lepton-jet resonances [13] .
The signature for the first analysis is at least one lepton with p T > 100 GeV and two additional objects (either leptons or jets) with p T > 100 GeV. The search observable is Σ p T of all leptons and jets with p T > 60 GeV. Two signal regions are used in the analysis, with requirements Σ p T > 2 and 3 TeV. The SM background is described using a MC simulation. The tt, W +jets and Z+jets background normalisation are taken from a simultaneous fit of background dedicated control regions. The Σ p T distribution for the electron channel is shown in Figure 6 (left panel). No significant excess is observed. Limits for the rotating black holes with two, four and six extra dimensions are set as a function of M D and M th , and can be seen in Figure 6 (right panel). The final analysis discussed in this report is the search for lepton-jet resonances, which is an inclusive search for new physics signatures of such resonances. The analysis signature consists of two electrons (muons) with p T > 30(40) GeV and two or more jets with p T > 50 GeV. Two lepton-jet pairs are formed from these objects in a way that the invariant mass difference between the two pairs has to be the smallest. The lower invariant mass of these two pairs, m min LQ , is the search variable for the analysis. The SM background is described by a MC simulation and tt and DY+jets background normalization are taken from a simultaneous fit in the background-dedicated CRs. The m min LQ distribution for the electron channel is shown in Figure 7 (left panel) .
The tested BSM model for the analysis is the pair production of first-and second-generation scalar leptoquark (minimal Buchmüller-Rückl-Wyler model). Upper limits on the cross-section as a function of the leptoquark mass are shown in Figure 7 (right panel). The observed limit at 95% CL is stronger by 50 GeV comparing with the ATLAS Run 1 result, and corresponds to 1100 GeV and 1050 GeV, for first-and second-generation leptoquarks, respectively.
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Summary
This report covers current ATLAS results on searches for new physics in high-mass fermionic final states and jets. The sensitivity of all such searches already now exceeds the Run 1 results, and new mass regions have been explored. No significant excesses are observed, but stronger exclusion limits are set for various models beyond the Standard Model. The expected ten times higher luminosity in 2016 will allow for a deeper exploration of the 13 TeV regime.
